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INTRODUCTION 
The v i l l a g e  o f  Obergurgl ,  i n  t h e  head o f  t h e  0 t z t a l  
(Oetz v a l l e y )  a t  an a l t i t u d e  o f  n e a r l y  ZOO0 me te r s  i n  t h e  
Tyrolean  Alps o f  A u s t r i a ,  f a c e s  problems s i m i l a r  t o  t h o s e  
i n  many a r e a s  o f  t h e  wor ld  today.  Beginning i n  about  1950,  
t h e  v i l l a g e  e n t e r e d  a  p e r i o d  o f  economic growth d r i v e n  by 
a p p a r e n t l y  u n l i m i t e d  demand f o r  t o u r i s m  i n  t h e  a r e a .  T h i s  
economic growth ,  exp res sed  l a r g e l y  i n  terms of  h o t e l  con- 
s t r u c t i o n ,  i s  beginning  t o  have s e r i o u s  envi ronmenta l  
consequences f o r  t h e  f r a g i l e  a l p i n e  ecosys tem,  and w i l l  soon 
be  l i m i t e d  by a v a i l a b i l i t y  o f  l a n d ,  i f  n o t h i n g  e l s e .  There i s  
a  key s i m p l i f i c a t i o n  i n  t h e  system: l a n d  ownership  i s  t i g h t l y  
c o n t r o l l e d  by a  few f a m i l i e s  ( o r i g i n a l l y  f a r m e r s ) ,  and t h e  
economic development r a t e  is  l i m i t e d  by t h e  r a t e  o f  l o c a l  
human p o p u l a t i o n  growth a s  t h i s  r a t e  de t e rmines  t h e  number 
* 
Pseudonym f o r  t h e  major  a u t h o r s  o f  t h i s  r e p o r t :  
Fred Bunne l l ,  P i l l e  Bunne l l ,  Sandra  Buckingham, Ray H i l b o r n ,  
Gerha rd  M a r g r e i t e r ,  Wal ter  Moser, and C a r l  Wal t e r s .  
of  young people  w i l l i n g  t o  i n v e s t  i n  new h o t e l s .  S ince  
h o t e l s  a r e  e a s i e s t  t o  b u i l d  on v a l l e y  bottom l a n d ,  t h i s  
p roduc t ive  land f o r  a g r i c u l t u r a l  g raz ing  i s  r a p i d l y  being 
l o s t ,  and,  wi th  i t ,  a  major economic o p t i o n  f o r  t h e  v i l l a g e r s .  
Thus, we see i n  Obergurgl  a  microcosm, w i t h  some e lements  
miss ing and o t h e r s  exaggera ted ,  o f  a  major worldwide problem: 
popul-at ion and economic growth i n  r e l a t i o n  t o  d imin i sh ing  
re sources .  Perhaps by s tudy  of such microcosms, we can more 
c l e a r l y  i d e n t i f y  ways t o  d e a l  wi th  more major problems. 
Obergurgl  i s  now r e c e i v i n g  i n t e n s i v e  s t u d y ,  mainly on 
e c o l o g i c a l  problems,  a s  p a r t  of  t h e  Aus t r i an  Man and t h e  Bio- 
sphere  Program ( M A B  6 ) ,  and it was f e l t  t h a t  IIASA could  con- 
t r i b u t e  t o  t h i s  s tudy by p rov id ing  a s s i s t a n c e  w i t h  systems 
model l ing .  Th i s  r e p o r t  d e s c r i b e s  a  p r e l i m i n a r y  dynamic model 
of  Obergurgl  which was developed i n  a  f ive-day workshop 
sponsored j o i n t l y  by IIASA and MAB. The workshop (13-17 May 
1974) was a  t r u l y  i n t e r d i s c i p l i n a r y  a t t empt  t o  d e a l  wi th  t h e  
problem from a  sys tems viewpoint ;  p a r t i c i p a n t s  inc luded  h o t e l  
owners from Obergurgl ,  a  r e p r e s e n t a t i v e  o f  t h e  Tyrolean 
government, eco l -og i s t s  from M A B  p r o j e c t s  i n  A u s t r i a  and o t h e r  
European c o u n t r i e s ,  a  s c a t t e r i n g  of people from o t h e r  s c i e n c e s ,  
and sys tems model lers  from t h e  Unive r s i ty  o f  B r i t i s h  Columbia, 
Canada ( r e p r e s e n t i n g  IIASA). Names and a d d r e s s e s  of t h e s e  
p a r t i c i p a n t s  a r e  g iven  i n  Appendix B .  
The focus  of  t h i s  workshop was t o  develop a  p re l imina ry  
model o f  human impact on a  s imple  a l p i n e  ecosystem and t h e  
p o l i c y  o p t i o n s ,  by combining t h e  knowledge and i n s i g h t s  of 
b u s i n e s s  men, government o f f i c i a l s ,  and s c i e n t i s t s .  But ,  i n  
a  major s e n s e ,  t h e  model was n o t  t h e  primary "product" of t h e  
e f f o r t .  I n  a  f ive-day pe r iod  it  is  s c a r c e l y  p o s s i b l e  t o  de- 
velop and v a l i d a t e  a  r igorous  d e s c r i p t i v e  model--nor t o  de- 
velop a  convincing p r e s c r i p t i v e  a n a l y s i s .  Rather ,  t h e  prime 
purpose was t o  use t h e  focus  of t h e  model a s  a  dev ice  t o  
i d e n t i f y  t h e  p o t e n t i a l  a r e a s  of c o n f l i c t  and t h e  c r i t i c a l l y  
missing in fo rmat ion ,  s o  t h a t  r a t i o n a l  p r i o r i t i e s  can be s e t  
f o r  f u r t h e r  d e s c r i p t i v e  and p r e s c r i p t i v e  ana lyses .  
The o b j e c t i v e s  of o u r  modell ing work t h e r e f o r e  were 
t h r e e f o l d :  (1) t o  promote communication among t h e  v a r i o u s  
i n t e r e s t  groups involved i n  Obergurgl s t u d i e s ,  by us ing  t h e  
s imula t ion  model t o  provide a  common language and focus  f o r  
a t t e n t i o n ;  ( 2 )  t o  d e f i n e ,  through d a t a  requirements  f o r  t h e  
model, c r i t i c a l  r e sea rch  a r e a s  f o r  t h e  MAB 6 p r o j e c t ;  and 
( 3 )  t o  provide  t e n t a t i v e  long range (20-40 yea rs )  a l t e r n a t e  
f o r e c a s t s  f o r  t h e  people of Obergurgl concerning l i k e l y  
impacts of v a r i o u s  development s t r a t e g i e s  t h a t  t h e y  cons ide r  
p r a c t i c a l .  We d i d  n o t  r e a l l y  expec t  be fo re  t h e  workshop 
t h a t  o b j e c t i v e  ( 3 )  could be f u l f i l l e d ,  cons ide r ing  t h e  d a t a  
and conceptual  problems which u s u a l l y  a r i s e  i n  such modell ing 
workshops. However, we were lucky and it does appear  t h a t  
t h e  model p r e d i c t i o n s  can be taken s e r i o u s l y ;  we dwel l  on 
t h e s e  p r e d i c t i o n s  a t  some l e n g t h  i n  t h e  f i n a l  s e c t i o n  of  
t h i s  r e p o r t .  
For t h e  c a s u a l  r eade r  who does  no t  wish t o  s tudy  t h e  
e n t i r e  r e p o r t ,  t h e  model p r e d i c t i o n s  can be summarized ve ry  
simply:  
(1) The most l i k e l y  n a t u r a l  l i m i t i n g  f a c t o r  f o r  
Obergurgl ' s  economic growth is  s a f e  l and  f o r  
bu i ld ing :  on t h i s  b a s i s ,  Obergurgl and Unter- 
g u r g l  t o g e t h e r  may reach  a  t o t a l  s i z e  of  around 
90 h o t e l s ,  wi th  a  l o c a l  popu la t ion  o f  600-700 
people .  This  l i m i t  cou ld  be reached i n  15-20 
y e a r s  wi th  cont inued government subs idy  f o r  
b u i l d i n g ,  o r  20-30 y e a r s  wi th  no b u i l d i n g  
s u b s i d i e s .  
( 2 )  Popula t ion  growth and l i m i t a t i o n  o f  b u i l d i n g  
o p p o r t u n i t i e s  a r e  l i k e l y  t o  combine soon t o  
f o r c e  a  major wave o f  emigra t ion  from t h e  
v i l l a g e  (perhaps  100 p e o p l e ) ,  wi th  a t t e n d a n t  
s o c i a l  problems. Government s u b s i d i e s  f o r  
cont inued h o t e l  b u i l d i n g  would de lay  t h i s  
problem f o r  a  s h o r t  t i m e ,  b u t  would u l t i -  
mate ly  make it more dramat ic .  
( 3 )  Measures f o r  l i m i t i n g  t h e  growth o f  Obergurgl 
f a l l  i n t o  t h r e e  c l a s s e s :  c o n t r o l s  on b u i l d i n g  
c o s t s  ( s u b s i d i e s  o r  t a x e s )  , zoning c o n t r o l s  on 
l and  made a v a i l a b l e  f o r  development o r  amount 
o f  l and  p e r  h o t e l ,  and c o n t r o l s  on b a s i c  
s e r v i c e s  provided f o r  t h e  v i l l a g e  ( w a t e r ,  
ene rgy ,  s k i  l i f t s ,  r oad  a c c e s s ) .  Among t h e s e  
p o s s i b i l i t i e s ,  b u i l d i n g  t a x e s  and zoning c o n t r o l s  
would appear  t o  be  b e s t .  C o n t r o l s  on b a s i c  
s e r v i c e s  would n o t  s low development i n  t h e  
s h o r t  r u n ,  and would u l t i m a t e l y  r e s u l t  i n  
lowered r e c r e a t i o n a l  q u a l i t y  of  t h e  a r e a  through 
over- inves tment  i n  t h e  h o t e l s  r e l a t i v e  t o  
s e r v i c e s  provided  f o r  t h e s e  h o t e l s .  
MODEL COMPONENTS: ASSUMPTIONS, VALIDATION, FUTURE PRIORITIES 
I n  t h i s  s e c t i o n ,  w e  examine t h e  components o f  t h e  modei 
which l e d  t o  t h e  above p r e d i c t i o n s .  Emphasis i s  p l a c e d  on 
b a s i c  assumpt ions  and v a l i d a t i o n ,  r a t h e r  t h a n  on mathemat ica l  
d e t a i l s .  Problems o f  mi s s ing  d a t a  and r e s e a r c h  p r i o r i t i e s  
f o r  t h e  f u t u r e  a r e  d i s c u s s e d  i n  t h e  c o n t e x t  o f  i n d i v i d u a l  
model components, t hen  summarized i r l  terms of o v e r a l l  
p r i o r i t i e s .  
B a s i c  component's and i n t e r a c t i o n s  i n  t h e  model a r e  
summarized i n  F igure  1. These components were i d e n t i f i e d  
by workshop p a r t i c i p a n t s  a s  t h e  minimum s e t  needed t o  make 
r e a s o n a b l e  p r e d i c t i o n s  abou t  t h e  n e x t  30-40 y e a r s .  The 
components f a l l  i n t o  f o u r  major  c l a s s e s :  R e c r e a t i o n a l  Demand; 
P o p u l a t i o n  and Economic Development; Rrming  and E c o l o g i c a l  
Change; Land U s e  and Development Con t ro l .  Each o f  t h e s e  
c l a s s e s  o f  components was made t h e  r e s p o n s i b i l i t y  o f  a s m a l l  
sub-group (3-5 peop le )  o f  workshop p a r t i c i p a n t s ,  a l o n g  wi th  

one model ler  from UBC. The sub-groups, w i t h  much in t e rchange  
of  people  and i d e a s ,  developed s e c t i o n s  o f  t h e  model. These 
s e c t i o n s  were o rgan ized  i n t o  an o v e r a l l  s i m u l a t i o n  framework 
by t h e  UBC team. An i n i t i a l  working v e r s i o n  o f  t h e  model was 
produced by t h e  t h i r d  day of  t h e  workshop, and about  t h i r t y  
50-year s c e n a r i o s  were produced by t h e  end o f  t h e  f ive-day 
meeting.  The s t a t e  v a r i a b l e s  and parameters  o f  t h e  model 
a r e  l i s t e d  i n  Appendix A .  
R e c r e a t i o n a l  Demand P r e d i c t i o n s  
A s  shown i n  Figure  1, it was assumed f o r  t h e  model t h a t  
r e c r e a t i o n a l  demand (measured by t o u r i s t  n i g h t s )  i s  a f f e c t e d  
by t h r e e  main f a c t o r s :  (1) a g e n e r a l  p o t e n t i a l  based  on 
popu la t ion  and economic c o n d i t i o n s  o u t s i d e  t h e  a r e a ;  ( 2 )  t h e  
t o u r i s t  c a p a c i t y  of t h e  v i l l a g e ,  which would normal ly  be t h e  
number o f  beds a v a i l a b l e  b u t  which c o u l d  be l i m i t e d  by o t h e r  
s e r v i c e s  provided f o r  t h e  v i l l a g e  (wa te r ,  ene rgy ,  pa rk ing)  ; 
and (3)  r e c r e a t i o n a l  q u a l i t y  o f  t h e  a r e a ,  a s  measured by a 
h a b i t a t  d i v e r s i t y  index  f o r  summer c o n d i t i o n s  and by s k i  l i f t  
w a i t i n g  t i m e  f o r  w i n t e r  c o n d i t i o n s .  
L i t t l e  is known about  p o t e n t i a l  r e c r e a t i o n a l  demand. 
Winter  h o t e l  occupancy r a t e s  have been very  h i g h  s i n c e  1950,  
and t h e  o n l y  h i n t  o f  any demand l i m i t  h a s  been a 10-15% drop  
i n  occupancy d u r i n g  1973-74. T h i s  d rop  co inc ided  wi th  t h e  
ene rgy  c r i s i s  o v e r  Europe, and a monetary c r i s i s  i n  Germany 
(Germany and England a r e  t h e  major t o u r i s t  s o u r c e s  f o r  
Obergurgl )  ; accord ing  t o  h o t e l  owners, t h i s  d r o p  might  have 
been 10-20% g r e a t e r  e x c e p t  t h a t  t h e  I t a l i a n  Dolomites had 
poor  snow c o n d i t i o n s  s o  v i s i t o r s  w e r e  more numerous i n  t h e  
Tyro l .  Judging  from t h e  g e n e r a l  grow-tl? i n  s k i i n g  ove r  
Europe,  t h e r e  i s  r eason  t o  assume t h a t  p o t e n t i a l  w i n t e r  
demand is  e s s e n t i a l l y  i n f i n i t e .  On t h e  o t h e r  hand,  summer 
occupancy r a t e s  have averaged 30% o v e r  t h e  p a s t  10 y e a r s ,  
though a  s l i g h t  d e c l i n e  h a s  been e v i d e n t .  (The t o t a l  number 
o f  t o u r i s t  n i g h t s  has  remained e s s e n t i a l l y  c o n s t a n t  s i n c e  1965,  
and t h e s e  n i g h t s  a r e  d i s t r i b u t e d  o v e r  more and more h o t e l s . )  
Thus, envi ronmenta l  q u a l i t y  changes ove r  t h e  p a s t  few y e a r s  
may be having  an  impact  on summer u s e ,  though it is  p o s s i b l e  
t h a t  mountain a r e a s  may become more and more popu la r  f o r  
summer t o u r i s m  a s  o t h e r  v a c a t i o n  a r e a s  a c r o s s  Eurcpe become 
more crowded. I n  b a l a n c e ,  it seems s a f e s t  t o  assume t h a t  
(:I) summer demand a s  r eached  i t s  p o t e n t i a l  l i m i t  c o n s i d e r i n g  
t h e  e x i s t i n g  p o p u l a t i o n  of  Europe,  and ( 2 )  f u r t h e r  changes i n  
env i ronmen ta l  q u a l i t y  would cause  summer demands t o  d e c r e a s e .  
These o b s e r v a t i o n s  and assumpt ions  formed t h e  b a s i s  f o r  
o u r  v e r y  s imp le  demand submodel. I n  each  s i m u l a t e d  y e a r ,  
p o t e n t i a l  summer and w i n t e r  demands a r e  c a l c u l a t e d  a s  geo- 
m e t r i c a l l y  growing ( 2 %  p e r  y e a r )  from a 1950 b :~se  l e v e l .  A s  
s k i  l i f t s  become more crowded, w i n t e r  demand i s  reduced 
a c c o r d i n g  t o  t h e  f u n c t i o n a l  r e l a t i o n s h i p  i n  F igure  2 .  A s  
t h e  p r o p o r t i o n  o f  meadow l a n d  used  f o r  hous ing  and t h e  
p r o p o r t i o n  of  a l p i n e  meadow l o s t  t o  e r o s i o n  i n c r e a s e ,  h a b i t a t  
d i - v e r s i t y  i s  assumed t o  d e c r e a s e  and summer demand i s  assumed 
t o  d r o p  o f f  a s  shown i n  Figure  3 .  Other  measures o f  
EXPECTED WAIT I NG T I M E  ( MINUTES)  
B 
WINTER DEMAND PREVIOUS YEAR 
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FIGURE 2 .  WINTER RECREATIONAL DEMAND AS  A FUNCTION OF 
SKI  L IFT  WAITING T I M E (  A) ,  W H I C H  I S  COMPUTED FROM 
THE NUMBER O F  WINTER TOURISTS AND T H E  
NUMBER OF L I F T S  AVAILABLE ( B 
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H A B I T A T  D I V E R  S I T Y  
F I G U R E  3 .  S U M M E R  D E M A N D  A S  A  F U N C T I O N  O F  H A B I T A T  
D I V E R S I T Y , W H I C H  I S  A N  I N D E X  C O M P U T E D  F R O M  
'THE A M O U N T  O F  V A L L E Y  A N D  A L P I N E  M E A D O W  
L E F T  INTACT F R O M  B U I L D I N G  A N D  E R O S I O N  
r e c r e a t i o n a l  q u a l i t y ,  such a s  s k i  s l o p e  crowding o r  a l p i n e  
meadow crowding i n  summer, were n o t  included i n  t h e  model. 
A simple s e r i e s  of t e s t s  i n  t h e  s imula t ion  program a r e  
used t o  determine whether t h e  r e c r e a t i o n a l  demand a s  computed 
from t h e  p o t e n t i a l  demand and environmental  q u a l i t y  can be 
accommodated wi th  e x i s t i n g  f a c i l i t i e s  (rooms, water ,  p a r k i n g ) .  
I f  n o t ,  t h e  demand is  reduced according t o  which f a c i l i t y  is  
l i m i t i n g ,  u s i n g  t h e  fo l lowing requirements  : 
Annual t o u r i s t  n i q h t s  p e r  
u n i t  f a c i l i t y  provided 
F a c i l i t y  
Hotel  rooms 
Water d e l i v e r e d  t o  v i l l a g e  
Parking a r e a  ( h e c t a r e s )  
Summer Winter 
180 /room 270/room 
1 6 0 0 0 / l i t r e / s e c  d e l i v e r e d  
150,00O/ha 224,91O/ha 
These requirements  were c a l c u l a t e d  from informat ion 
supp l i ed  by t h e  Obergurgl h o t e l  owners. Note t h a t  no 
c o n s i d e r a t i o n  is  given t o  s p e c i a l  requirements o r  crowding 
problems t h a t  might occur  dur ing  s h o r t  pe r iods  (peak weekends, 
e t c . )  wi th in  any t o u r i s t  season; on ly  o v e r a l l  seasonal  t o t a l s  
a r e  used i n  t h e  model. 
Simulated and observed r e c r e a t i o n a l  demands f o r  t h e  per iod 
1950-1973 a r e  compared i n  Figure 4 .  The demand model i s  e a s i l y  
capable  of  mimicking p a s t  changes,  b u t  t h i s  i s  n o t  a good 
v a l i d a t i o n  t e s t  because t h e  p a s t  changes were used t o  
c o n s t r u c t  t h e  model i n  t h e  f i r s t  p l a c e .  The s imula ted  changes 
F I G U R E  4 
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x OBSERVED SUMMER TOURIST NIGHTS 
P WINTER TOURIST NIGHTS 
F I G U R E  4 
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x NUMBER OF S K I  L I F T  UNITS 
F I G U R E  4 
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i n  w i n t e r  demand i n  Figure 4 a r e  completely due t o  changes i n  
t h e  s imulated number of  h o t e l  rooms a v a i l a b l e ,  s i n c e  s imulated 
occupancy r a t e s  remained very  high ( a s  obse rved) .  Occupancy 
r a t e s  remained very  high because s k i  l i f t  wa i t ing  t ime remained 
low, i n  t u r n  because t h e  s imulated number o f  l i f t s  was inc reased  
( a s  observed) whenever wa i t ing  t ime exceeded f i v e  minutes.  
Simulated summer demand c l o s e l y  fo l lows observed l e v e l s  simply 
because t h e  s imulated p o t e n t i a l ,  which was es t ima ted  from t h e  
observed l e v e l s ,  was always met. 
The key weakness i n  t h e  r e c r e a t i o n  submodel i s  i n  l ack  
of d a t a  about l i k e l y  responses  of t o u r i s t s  t o  changed environ-  
mental  q u a l i t y .  Also, t h e  model does no t  r e p r e s e n t  t h e  s p a t i a l  
d i s t r i b u t i o n  of  q u a l i t y  r e l a t i v e  t o  r e c r e a t i o n a l  use ;  low 
q u a l i t y  n e a r  t h e  v i l l a g e  may be important ,  even i f  t h e  o v e r a l l  
a r e a  i s  s t i l l  i n  good cond i t ion .  The people b e s t  a b l e  t o  
a c q u i r e  such d a t a  a r e  t h e  Obergurgl h o t e l  owners themselves.  
A s  a f i r s t  s t e p ,  we recommend t h a t  t h e  h o t e l  owners p repare  
a s e r i e s  of photographic s c e n a r i o s  of how t h e  v i l l a g e  might 
look a f t e r  more development, and p r e s e n t  t h e s e  s c e n a r i o s  t o  
t h e i r  g u e s t s .  We cons ide r  t h i s  recommendation t o  have t h e  
h i g h e s t  p r i o r i t y  of  any developed i n  t h e  workshop. Such a 
survey would a t  l e a s t  i n d i c a t e  when t h e  kind of people t h a t  
now v i s i t  t h e  a r e a  would s t o p  coming. The photographic 
s c e n a r i o s  could be prepared very  e a s i l y  by dubbing i n  
a d d i t i o n a l  h o t e l s  i n  t h e  p l a c e s  where they  a r e  most l i k e l y  
t o  be b u i l t ,  and by dubbing i n  v a r i o u s  k inds  of environmental  
changes (eroded a r e a s ,  e t c . )  i n  p l a c e s  where t h e  MAB 6 
e c o l o g i s t s  th ink  such changes a r e  most l i k e l y  t o  occur .  
Popula t ion Growth and Economic Development 
A s  mentioned i n  t h e  I n t r o d u c t i o n ,  t h e  key t o  economic 
growth i n  Obergurgl has been growth i n  i t s  l o c a l  popu la t ion ,  
s i n c e  l and  ownership i s  t i g h t l y  c o n t r o l l e d .  Thus, t h e  popu- 
l a t i o n  and economic components of t h e  model a r e  t i g h t l y  
i n t e r r e l a t e d ,  a s  shown i n  Figure 1. Popula t ion growth i s  
assumed t o  occur  a s  a  func t ion  of  b i r t h s ,  d e a t h s ,  immigration 
and emigra t ion ;  popula t ion s t r u c t u r e  a t  any t ime i s  repre -  
sen ted  i n  terms of f o u r  age c l a s s e s  (0-15, 15-30, 30-60, 60c) 
wi th  d i f f e r e n t  c o n t r i b u t i o n s  t o  t h e s e  r a t e s .  Economic 
development i s  represen ted  i n  terms of  h o t e l  c o n s t r u c t i o n  and 
four  k inds  of employment ( tour i sm,  farming,  c o n s t r u c t i o n ,  
s e r v i c e ) ;  it is  n o t  necessary  t o  cons ide r  o t h e r  k inds  of 
c a p i t a l  development and b u i l d i n g  s i n c e ,  i n  r e a l i t y ,  a l l  
b u i l d i n g s  a r e  used a t  l e a s t  i n  p a r t  t o  house t o u r i s t s .  
Cons t ruc t ion  work i s  e s s e n t i a l l y  t h e  only  growth-based 
enployment i n  t h e  a r e a .  
Popula t ion change i s  s imula ted  simply by adding o r  
d e l e t i n g  p r o p o r t i o n s  of  t h e  people i n  each age c l a s s  each yea r .  
The fol lowing annual  p r o p o r t i o n a l  r a t e s  a r e  used f o r  b i r t h ,  
d e a t h ,  and aging: 
Aqe C l a s s  
P e r  C a p i t a  I n i t i a l  
P e r  C a p i t a  P e r  C a p i t a  Movement t o  Number 
B i r t h  Rate  Death Rate  Next Aqe C l a s s  (1950) 
30-60 (0 .15  f o r  house 0 
owners ; 
0 f o r  non-owners) 
Immigra t ion  r a t e  i s  assumed t o  be  n e g l i b l e ,  s i n c e  peop le  from 
o u t s i d e  t h e  v i l l a g e  canno t  pu rchase  permanent hous ing ,  and 
s i n c e  few emig ran t s  r e t u r n  t o  t h e  v i l l a g e .  Emigra t ion  r a t e s  
f o r  15-30 y e a r  o l d s  a r e  assumed t o  depend on employment 
o p p o r t u n i t i e s  i n  t h e  v i l l a g e ,  acco rd ing  t o  t h e  f u n c t i o n a l  
r e l a t i o n s h i p  shown i n  Figure 5 ;  t h i s  r e l a t i o n s h i p  i s  pure  
guesswork,  s i n c e  employment h a s  been good and t h e r e  h a s  been 
l i t t l e  e m i g r a t i o n  o v e r  t h e  p a s t  20 y e a r s .  Emigra t ion  r a t e s  
f o r  30-60 y e a r  o l d  peop le  a r e  assumed t o  depend on l a n d  
ownership  o p p o r t u n i t i e s ;  peop le  w i t h  h o t e l s  ( e i t h e r  by 
i n h e r i t a n c e  o r  new b u i l d i n g )  a r e  assumed neve r  t o  e m i g r a t e ,  
w h i l e  20% of  t h e  peop le  o v e r  30 who have n o t  been a b l e  t o  
b u i l d  ( s e e  below) o r  i n h e r i t  a r e  assumed t o  l e a v e  each  y e a r .  
T h i s  s imp le  p o p u l a t i o n  model i s  a b l e  t o  mimic changes 
o v e r  t h e  1950-1974 p e r i o d  q u i t e  w e l l ,  a s  shown i n  t h e  
f o l l o w i n g  comparison:  
E M P L O Y M E N T  W O R K  Y E A R  S  
AVAILABLE P E R  YOUNG P E R S O N  
F IGUR E 5. ASSUMED R E L A T I O N S H I P  B E T W E E N  EMIGRA-  
T ION RATE OF YOUNG PEOPLE ( 1 5 -  30 YRS.)  
AND EMPLOYMENT IN THE VILLAGE 
1974 Age S t r u c t u r e  
Simulated from 
Aqe C l a s s  Observed 1950 Base 
T o t a l  260 2 80 
The s imula ted  d i s p a r i t y  i n  number of o l d  people could be 
e a s i l y  c o r r e c t e d ,  a s  could our  underes t imate  of b i r t h  r a t e .  
However, p r e d i c t i o n s  about t h e  f u t u r e  depend most h e a v i l y  
on our  assumptions above concerning emigrat ion r a t e  changes,  
and we have no good e m p i r i c a l  b a s i s  f o r  t h o s e  assumptions. 
I n  a l l  economic c a l c u l a t i o n s ,  employment man y e a r s  a r e  
used a s  a  b a s i c  currency u n i t .  Employment o p p o r t u n i t i e s  i n  
t h e  v i l l a g e  each yea r  a r e  s imulated wi th  s imple ,  empi r i ca l  
employment m u l t i p l e r s :  
Type of Work 
Tourism 
Rrming 
Cons t ruc t ion  
S e r v i c e  
Man Years of  Employment Generated 
and Genera t inq  Factor 
0.0016 p e r  win te r  t o u r i s t  n i g h t  
0.0006 p e r  summer t o u r i s t  n i g h t  
0.03 p e r  animal u n i t  mainta ined 
13.4 p e r  h o t e l  b u i l t  
0.03 p e r  man y e a r  of  o t h e r  
employment 
The number o f  animal u n i t s  maintained by farmers i s  generated 
i n  t h e  ecology submodel ( s e e  below),  and tour ism i n  t h e  
demand submodel ( s e e  above) . Man y e a r s  of employment i n  
excess  of what v i l l a g e  r e s i d e n t s  can t a k e  i s  assumed t o  go 
t o  seasona l  non-res ident  workers. The supply of  non-res ident  
workers i s  assumed t o  be unl imi ted.  The model p r e d i c t e d ,  
s t a r t i n g  from a  1950 base ,  t h a t  about 900 non-res ident  
workers would be needed every  w i n t e r  by 1974; t h e  a c t u a l  
number i n  t h e  1973-74 win te r  was 800. 
Perhaps t h e  most c r i t i c a l  v a r i a b l e  i n  t h e  popula t ion 
and economic development submodel is  t h e  h o t e l  c o n s t r u c t i o n  
r a t e .  This r a t e  i s  assumed t o  depend on t h e  number o f  
r e s i d e n t  men over  30 y e a r s  of age who do n o t  a l r eady  have a  
h o t e l ,  t h e  amount o f  sav ings  t h a t  t h e s e  men could  have 
accumulated, and b u i l d i n g  c o s t  a s  a  func t ion  o f  amount of 
l and  s t i l l  a v a i l a b l e  f o r  development. Prof i t a b i l i t y  of  
h o t e l s  a l r eady  e x i s t i n g  i s  a l s o  considered e x p l i c i t l y  a s  
a  f a c t o r  a f f e c t i n g  inves tment ,  though sav ings  accumulation 
should au tomat ica l ly  t a k e  p a s t  p r o f i t a b i l i t y  i n t o  account ;  
h o t e l  investment is assumed t o  s t o p  when occupancy r a t e s  
drop below 60%. Young men a r e  assumed t o  be sav ing  money 
when they a r e  20 y e a r s  o l d ,  according t o  t h e  f u n c t i o n a l  
r e l a t i o n s h i p  i n  Mgure 6. This  r e l a t i o n s h i p  is  modified 
downward when summer employment o p p o r t u n i t i e s  a r e  poor ,  such 
t h a t  no sav ings  can be accumulated when no summer jobs a r e  
a v a i l a b l e .  Since  summer employment i n  t h e  p a s t  few y e a r s  has  
I 1 1 I 
3 1 2 3. 
T O T A L  MAN Y E A R S  OF W O R K  A V A I L A B L E  
NUMBER OF R E S I D E N T S  OVER 1 5 Y R S  OLD 
F IGURE 6.  R A T E  OF S A V I N G S  A C C U M U L A T I O N  BY PROSPECTIVE 
H O T E L  O W N E R S  AS A FUNCTION OF E M P L O Y M E N T  
IN T H E  V I L L A G E  
come i n  good p a r t  from h o t e l  c o n s t r u c t i o n ,  t h e  young v i l l a g e r s  
have become dependent  on a growth economy: they  canno t  s ave  
enough money t o  b u i l d  a  h o t e l  w i t h o u t  summer employment, and 
t h i s  employment i n  t u r n  depends on con t inued  growth.  W e  know 
t h a t  i n  t h e  1 9 5 0 ' s  a  young man c o u l d  save  enough i n  abou t  f i v e  
y e a r s  t o  b u i l d  h i s  own h o t e l ,  b u t  i n  r e c e n t  y e a r s  c o n s t r u c t i o n  
c o s t s  have r i s e n  ( s i n c e  p o o r e r  b u i l d i n g  sites must be  u s e d ) ,  
and abou t  seven y e a r s  o f  s a v i n g  a r e  r e q u i r e d .  W e  i n c o r p o r a t e d  
t h i s  problem i n t o  t h e  model w i t h  t h e  f u n c t i o n a l  r e l a t i o n s h i p  
shown i n  f i g u r e  7. To f i n d  t h e  amount o f  l a n d  t h a t  cou ld  be  
developed each  y e a r  based  on b u i l d i n g  c o s t s ,  t h e  ave rage  
s a v i n g s  l e v e l  among non-house owners ove r  30 y e a r s  o f  age is  
f e d  i n t o  f i g u r e  7 ,  and t h e  co r re spond ing  l a n d  development 
p o i n t  is  compared t o  t h e  amount o f  l a n d  a l r e a d y  developed.  
The a c t u a l  amount o f  l a n d  developed is t h e  p o t e n t i a l  ca l cu -  
l a t e d  i n  t h i s  way, p rov ided  t h e  p o t e n t i a l  is  n o t  n e g a t i v e  
and does  n o t  exceed  t h e  number o f  young men want ing  a h o t e l  
d i v i d e d  by t h e  s i z e  ( h e c t a r e s )  o f  each  h o t e l  p l u s  i ts  l o t .  
H o t e l s  i n  t h e  p a s t  have r e q u i r e d  an ave rage  a r e a  o f  0.13 
h e c t a r e s ,  though a p o l i c y  is contempla ted  t o  r a i s e  t h i s  a r e a  
t o  0.24 h e c t a r e s .  An i m p l i c i t  assumption i n  a l l  o f  t h e  
c a l c u l a t i o n s  a b o u t  s a v i n g s  and b u i l d i n g  c o s t s  is  t h a t  a l l  
i n f l a t i o n a r y  changes w i l l  b a l a n c e  one ano the r :  t h e  
i n f l a t i o n a r y  e f f e c t  on b u i l d i n g  c o s t  is  assumed t o  be 
c a n c e l l e d  by i n f l a t i o n  i n  wages. 
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MEADOW LAND ALREADY DEVELOPED 
TOTAL SAFE LAND AVAILABLE ( 13 9 ha  
F I G U R E  7. ASSUMED RELAT IONSHIP  B E T W E E N  R E L A T I  VE 
HOTEL  CONS'TRUCTION COST AND AMOUNT OF 
L A N D  ALREADY DEVELOPED. RELAT IVE  COST I S  
M E A S U R E D  IN T E R M S  OF HOW LONG A YOUNG 
M A N  MUST SAVE MONEY IN ORDER TO A F F O R D  
TO START BU ILD ING.  
S t a r t i n g  from 20 h o t e l s  i n  t h e  1950 base  y e a r ,  t h e  model 
p r e d i c t e d ,  a s  observed,  t h a t  about 60 h o t e l s 1  (2500 beds) 
should  be p r e s e n t  by 1974 (F igure  4 )  . Thus, it appears  t h a t  
we have captured very  we l l  i n  t h e  model t h e  b a s i c  p rocesses  
t h a t  determine land development. The c r i t i c a l  r e  l a t i o n s h i p  
f o r  f u r t h e r  s tudy i s  Figure 7 :  i f  the  b u i l d i n g  c o s t s  r i s e  
more r a p i d l y  i n  t h e  f u t u r e  than we have assumed, growth of 
t h e  v i l l a g e  may be l i m i t e d  we l l  b e f o r e  and below t h e  l e v e l s  
t h a t  we have p r e d i c t e d .  A s  t h e  development c o s t  r e l a t i o n s h i p  
is  e s s e n t i a l l y  an economic and eng ineer ing  problem, we 
recommend t h a t  t h e s e  d i s c i p l i n e s  be brought i n t o  t h e  MAE? 6 
Obergurgl p r o j e c t .  
Farminq and Environmental Chanqe 
I n  keeping with the  genera l  o b j e c t i v e s  of MAB and t h e  
h i s t o r i c a l  c o n t r i b u t i o n s  of IBP, t h e  b a s i c  b i o l o g i c a l  
processes  i n  t h e  Obergurgl a r e a  have been t r e a t e d  a s  secondary 
f a c t o r s .  The i n t e n t  of t h i s  approach was n o t  t o  deny t h e  
importance of t h e  b i o t i c  environment, b u t  t o  concen t ra te  
a t t e n t i o n  of  t h e  workshop p a r t i c i p a n t s  on key economic and 
p o l i c y  ques t ions .  Despite t h e  secondary t r ea tment  o f  many 
n a t u r a l  p rocesses ,  c e r t a i n  key a r e a s  o f  f u t u r e  resea rch  were 
o u t l i n e d  and a r e  presented i n  t h e  fo l lowing d i s c u s s i o n .  
The "environmental" submodel t r e a t s  t h r e e  broad groups 
of  phenomena. F i r s t ,  it determines t h e  s t a t u s  of  wi ld  and 
domestic animal popula t ions  inc lud ing  t h e  fo rage  necessa ry  
' ~ o t e l s  = h o t e l s ,  pensions  (bed & b r e a k f a s t ) ,  and p r i v a t e  
rooms. 
t o  suppor t  t h e s e  animals.  Second, it determines t h e  s t a t u s  
of  t h e  f o r e s t  a l lowing f o r  growth, d e a t h ,  r e g e n e r a t i o n ,  and 
p l a n t i n g .  f i n a l l y ,  it cons ide r s  changes i n  land-use a r e a  
s i z e s  due t o  t h e  process  o f  e r o s i o n  inc lud ing  s e v e r a l  
c o n t r i b u t i n g  f a c t o r s .  
S ince  many d i s p a r a t e  phenomena a r e  considered i n  t h i s  
submodel, t h e  t r ea tment  of  each i s ,  of n e c e s s i t y ,  s i m p l i s t i c  
and somewhat s u p e r f i c i a l .  Furthermore, s e v e r a l  o f  t h e  
p rocesses  have n o t  been c r i t i c a l l y  eva lua ted  by f i e l d  exper-  
imenta t ion o r  documentation and t h e  p e r t i n e n t  d a t a  bases  a r e  
s p a r s e .  Many i n t e r a c t i o n s  and parameter va lues  r e q u i r e d  
e s t i m a t i o n .  There was n o t  always agreement among t h e  work- 
shop p a r t i c i p a n t s  a s  t o  what t h e  es t ima ted  va lues  should b e ,  
and hence t h e  model was cons t ruc ted  t o  a l low t h e  o p t i o n  of 
us ing  d i f f e r e n t  hypotheses o r  e s t i m a t e s  dur ing  s imula t ion .  
Animal Popula t ion P a t t e r n s  
Three s p e c i e s  of  domestic animals and one wi ld  s p e c i e s  
a r e  considered i n  t h e  model. The chamois i s  t h e  on ly  wild- 
l i f e  s p e c i e s  considered.  They a r e  considered p o t e n t i a l l y  
important  t o  model p r e d i c t i o n s  because of t h e i r  a e s t h e t i c  
va lue  t o  t o u r i s t s ,  t h e i r  r e c r e a t i o n a l  va lue  t o  h u n t e r s ,  and 
t h e i r  p o s s i b l e  r o l e  i n  damaging f o r e s t  r egenera t ion .  Chamois 
g r a z i n g  a c t i v i t y  i s  p r e s e n t l y  considered t o  occur  o u t s i d e  t h e  
land-use a r e a s  considered by t h e  model. Popula t ion dynamics 
a r e  s imula ted  simply by p o s t u l a t i n g  b i r t h ,  dea th ,  and hun te r  
k i l l  r a t e s .  Model runs  s p e c i f i e d  no damage, cons tan t  
hunt ing p r e s s u r e ,  and l i t t l e  va lue  t o  t h e  t o u r i s t ;  so  
t h e s e  animals d i d  not  form an important  component of  t h e  
system. I f  t h e r e  i s  any i n d i c a t i o n  t h a t  t h e  presence of  
t h e  s p e c i e s  i s  important ,  d a t a  on t h e i r  popula t ion dynamics 
and feeding behaviour w i l l  be r e q u i r e d .  
Cows, on t h e  o t h e r  hand, a r e  d i r e c t l y  important  t o  t h e  
t o u r i s t  i n d u s t r y  of  Obergurgl i n  a t  l e a s t  two ways: p rov i s ion  
of  f r e s h  d a i r y  products  and c o n t r i b u t i o n  t o  t h e  p ic tu resque  
n a t u r e  of t h e  landscape.  The models s e t s  i n i t i a l  s tock ing  
r a t e s  f o r  cows a s  we l l  a s  f o r  h o r s e s ,  sheep,. and t h e  number 
of  sheep brought i n  from o t h e r  p o r t i o n s  of  t h e  Tyrol  f o r  
summer g raz ing .  Stocking r a t e s  f o r  t h e  Obergurgl animals 
a r e  reduced i f  i n s u f f i c i e n t  forage is  a v a i l a b l e .  Horses 
a r e  considered a  luxury and, when forage i s  l i m i t i n g ,  a r e  
reduced f i r s t ,  then sheep and f i n a l l y  cows. 
Forage a v a i l a b l e  f o r  t h e  Obergurgl domestic s tock  i s  
c a l c u l a t e d  i n  t h r e e  s t e p s .  F i r s t ,  t h e  product ion from t h e  
v a l l e y  meadows and a l p i n e  hay meadows i s  computed. Forage 
requirements of t h e  l i v e s t o c k  a r e  then determined.  F i n a l l y ,  
t h e  amount of  hay t h a t  must be imported t o  meet t h e s e  
requirements  i s  determined and when economically p o s s i b l e  
t h i s  hay i s  imported.  
Product ion e s t i m a t e s  a r e  computed simply: an average 
product ion per  h e c t a r e  (GROWB = 3700 kg/ha/yr f o r  v a l l e y  
bottom meadows and GROWA = 1750 kg/ha/yr f o r  a l p i n e  hay 
meadows) is  m u l t i p l i e d  by t h e  number of  h e c t a r e s  o f  t h e  
a p p r o p r i a t e  meadow t h a t  a r e  a v a i l a b l e .  There i s  p r e s e n t l y  
no p rov i s ion  f o r  reduced product ion through t o u r i s t  impact 
o r  overgrazing.  I n i t i a l l y ,  t h e r e  a r e  96 ha o f  v a l l e y  bottom 
meadow producing 355,000 kg annual ly  and 90 ha o f  a l p i n e  hay 
meadows producing 157,500 kg annual ly .  
The model assumes t h a t  summer g raz ing  of  cows p r e s e n t l y  
occurs  i n  a r e a s  t h a t  a r e  n o t  e x p l i c i t l y  considered by t h e  
model (modified dwarf shrub zone) .  Thus, summer g r a z i n g  
requirements  of  cows a r e  ignored.  Sheep g r a z i n g  e f f e c t s  
a r e  s i m i l a r l y  considered inconsequen t i a l  and a r e  invoked 
on ly  dur ing  t h e  computation of one of  t h e  two fo rmula t ions  
of t h e i r  c o n t r i b u t i o n  t o  e r o s i o n .  One formulat ion o f  t h e  
e r o s i o n  p rocess  assumes t h a t  sheep c o n t r i b u t e  i n  a  manner 
d i r e c t l y  p r o p o r t i o n a l  t o  t h e i r  g r a z i n g  i n t e n s i t y  and d e n s i t y .  
The g r a z i n g  i n t e n s i t y  i s  represen ted  by v a r i a b l e  SEROD 
( 0  2 SEROD 5 1) which approximates 1 a s  g r a z i n g  requirements  
r e l a t i v e  t o  t h e  amount a v a i l a b l e  become l a r g e ,  and t ends  t o  
0  a s  requirements  become smal l  r e l a t i v e  t o  amounts of fo rage  
a v a i l a b l e .  The g raz ing  requirements o f  sheep a r e  computed 
by summing t h e  d a i l y  food demand pe r  sheep f o r  bo th  r e s i d e n t  
and non-res ident  (e .g .  S f id -~yro l )  sheep over  t h e  number of 
days t h a t  each group is  presen t  i n  t h e  a l p i n e  a r e a s  of  
Obergurgl . 
Winter fo rage  requirements  f o r  domestic l i v e s t o c k  a r e  
t y p i c a l l y  met by l o c a l  haying and import  of o t h e r  hay. The 
model computes t o t a l  forage requirement by summing t h e  needs 
of  a l l  l i v e s t o c k .  C a t t l e  and horses  a r e  assumed t o  r e q u i r e  
CEAT kg of forage/animal over  t h e  win te r  p e r i o d  (CEAT = 3600 k g ) .  
Sheep a r e  assumed t o  r e q u i r e  SEAT kg/sheep/year.  P r e s e n t l y ,  
SEAT = 730 kg and i s  modified by t h e  p ropor t ion  of  a  year  
t h a t  t h e  sheep a r e  kep t  i n s i d e .  
Once t h e  hay requirements have been computed t h e s e  a r e  
compared wi th  hay product ion t o  determine whether hay must be 
imported.  I f  the  wage index i s  g r e a t e r  than a  s p e c i f i e d  
parameter (WHAX(2) = 1.0)  , a l l  t h e  r e q u i r e d  a d d i t i o n a l  hay 
is  imported;  and i f  it is  l e s s  than W H A X ( 1 )  ' ( . 2 ) ,  no hay i s  
imported. Furthermore, t o  account f o r  i n f l a t i o n ,  t h e  r e q u i s i t e  
wage index (WHPX ( 2 ) )  f o r  import of a l l  r e q u i r e d  hay has  a  
growth r a t e  of WHAGRO. A s  a l r e a d y  d i scussed ,  s tock  i s  
reduced i f  i n s u f f i c i e n t  fodder  i s  a v a i l a b l e .  Cons ide ra t ions  
of d i f f e r e n t i a l  food q u a l i t y  requirements--such a s  cows 
r e q u i r i n g  b e t t e r  fodder  than sheep--are n o t  encoded i n  t h e  
p r e s e n t  model. 
Fores t s  a r e  considered t o  modify t h e  r a t e s  of  avalanche 
and e r o s i o n .  Thus, t h e i r  growth and e x t e n t  a r e  s imulated i n  
t h e  "environmental" submodel. The l inkage of f o r e s t  p r o t e c t i o n  
t o  tour ism was l e f t  weaker than may be t h e  c a s e  i n  r e a l i t y ;  
a t  p r e s e n t  t h e  model on ly  cons ide r s  a  smal l  e f f e c t  on t h e  
amount of  land eroded.  
Area ( 6 )  is  f o r e s t e d  and Area (5 )  f o r e s t a b l e  l and .  
With t h e  "envi ronmenta l"  submodel, t h e  a r e a  o f  f o r e s t a b l e  
l a n d  is  f u r t h e r  subd iv ided .  
m RTRAN 
Var i ab le  Name Meaninq 
STEEP l a n d  w i t h o u t  trees 
l a n d  w i t h  trees 1-2 y r s  p a s t  
p l a n t i n g  
l a n d  w i t h  trees 3-50 y r s  p a s t  
p l a n t i n g  
The g e n e r a l  p a t t e r n  o f  changes a p p l i e d  t o  t h e s e  l and  
c l a s s e s  can be  d e p i c t e d  v e r y  s imply .  
A R E A (  5 
FORESTABLE L A N D  
A R E A  (6) 
FGRO 1 F O R A D  
I 
 EROSION DISEASES t OTHER DISEASES 8 OTHER 
MORTALITY  MORTALITY 
F D l E  2 
FO ROW SING BY WILDLIFE,  BROWSING BY WILDL IFE  
TRAMPLING BY C A T T L E  W N l B  2 
WNIB 1 ,  T R A M P  
FORAD is  a  p o l i c y  v a r i a b l e  which s e t s  t h e  number of 
h e c t a r e s  of f o r e s t a b l e  land which w i l l  be p l a n t e d  i n  a  g iven 
y e a r .  For t h e  f i r s t  two y e a r s  a f t e r  p l a n t i n g ,  t r e e s  (P inus  
cembra) a r e  s u b j e c t  t o  a  r a t h e r  h igh m o r t a l i t y  r a t e  ( F D I E  1) 
due t o  d i s e a s e s  and s o i l  f a c t o r s .  I n  a d d i t i o n ,  t h e s e  young 
t r e e s  have a  s p e c i f i e d  p r o b a b i l i t y  of being browsed by 
chamois (WNIB 2 )  o r  trampled by cows (TRAMP) . Workshop 
d i s c u s s i o n s  of t h e  f a t e  o f  r e c e n t l y  p lan ted  t r e e s  were 
c o n t r o v e r s i a l  and workshop model runs  allowed no browsing 
by chamois ( W N I B 1  and WNIB 2  = 0 ) .  Since  es tab l i shment  
of p r o t e c t i o n  f o r e s t s  would not  on ly  reduce .e ros ion ,  b u t  
would modify t h e  p r o t e c t e d  a r e a  a v a i l a b l e  f o r  h o t e l  bu id ing ,  
t h e  modell ing e x e r c i s e  i n d i c a t e d  t h a t  f o r e s t  r egenera t ion  
p rocesses  a r e  p o t e n t i a l l y  a  ma t te r  of  c r i t i c a l  b i o l o g i c a l  
and economic concern and should  t h e r e f o r e  be t h e  s u b j e c t  of  
f u r t h e r  s tudy .  
A s  t h e  r e c e n t l y  p lan ted  t r e e s  grow i n t o  t h e  second 
a r b i t r a r y  age c l a s s  ( a s  a  func t ion  of  IGRO 1) , they  a r e  
s u b j e c t  t o  s i m i l a r  k inds  of m o r t a l i t y ,  b u t  a t  d i f f e r e n t  
r a t e s  than t r e e s  i n  t h e  f i r s t  age c l a s s .  Es t imat ion of 
r e l e v a n t  parameters  f o r  t h e  second age c l a s s  proved e q u a l l y  
d i f f i c u l t .  The second age c l a s s  becomes f o r e s t  a s  a  func t ion  
of t h e  growth r a t e  FGRO2 and m o r t a l i t y  r a t e s  W N I B  2  and 
FQIE 2. 
Changes i n  the  amounts of  f o r e s t a b l e  land a r e  t h u s  a  
r e s u l t  of  growth i n t o  f o r e s t  over  a  pe r iod  of many y e a r s ,  
o r  l o s s e s  due t o  e ros ion .  Over t h e  t ime span o f  t h e  model 
t h e  p ine  f o r e s t s  do n o t  age s u f f i c i e n t l y  t o  decrease  i n  
e x t e n t ,  bu t  may be inc reased  through r e f o r e s t a t i o n  p r a c t i c e s .  
Erosion 
I n  some r e s p e c t s  t h e  t r a n s f e r s  of  land from one land-use 
ca tegory t o  another  due t o  t h e  p rocesses  of  e r o s i o n  may be 
t h e  most important  s e c t i o n  of t h e  environmental  submodel 
s i n c e  t h e  e x t e n t  of  land i n  each of  t h e  land-use c a t e g o r i e s  
i n f l u e n c e s  many major processes .  Eros ion causes  t r a n s f e r  
of land from f o r e s t a b l e  l a n d ,  a l p i n e  meadow, and a l p i n e  hay 
meadow (Areas ( 5 1 ,  ( 7 ) ,  and ( 9 ) ,  r e s p e c t i v e l y )  t o  eroded 
land (Area ( 8 )  ) .  Processes  c o n t r i b u t i n g  t o  e r o s i o n  a r e  
t r e a t e d  d i f f e r e n t l y  over  t h e  a r e a  a f f e c t e d  a s  we l l  a s  by 
c a u s a l  f a c t o r s .  
Alpine meadow s u f f e r s  e r o s i o n  due t o  sheep and t o u r i s t s .  
Sheep e r o s i o n  (SEROD) i s  c a l c u l a t e d  a s  p r o p o r t i o n a l  t o  over-  
g r a z i n g ,  a s  a l r e a d y  d i s c u s s e d ,  o r  a l t e r n a t i v e l y  a s  a  s t a n d a r d  
r a t e  pe r  sheep p r e s e n t  (SEMAX = .0003 ha/sheep/yr)  . T o u r i s t s  
erode according t o  the  number of  win te r  t o u r i s t  days t imes a 
w i n t e r  e r o s i o n  r a t e  (ERWU = .000,0002 h a / t o u r i s t / d a y )  , p l u s  
t h e  number of summer t o u r i s t  days t imes a  summer erosi .03 
r a t e  (ERSU = .000,0002 h a / t o u r i s t / d a y )  p l u s  an a d d i t i o n a l  
amount f o r  t h e  c o n s t r u c t i o n  of  each new s k i  l i f t  u n i t  
(ERSK = 2 h a / l i f t  u n i t ) .  
Fores tab le  land i s  eroded according t o  an i n t r i n s i c  r a t e  
s u b j e c t  t o  f o r e s t  p r o t e c t i o n  and t h e  a c t i v i t y  of cows. The 
model assumes t h a t  f o r e s t a b l e  l ands  a r e  s u b j e c t  t o  an 
i n t r i n s i c  r a t e  of e r o s i o n  (FRAT = . I  ha/yr)  which can be 
dec reased  a s  more of t h e  l and  becomes f o r e s t e d ,  according 
t o  t h e  r a t i o  
f o r e s t a b l e  l and  
ERVIV = f o r e s t a b l e  l and  + f o r e s t e d  l and  
The same f o r e s t  p r o t e c t i o n  r a t i o  ( E R V I V )  i s  used t o  
reduce a  maximum e r o s i o n  r a t e  p e r  cow (CMAX = .005 ha/yr)  
p r e s e n t  i n  t h e  model. 
F i n a l l y ,  t h e  a l p i n e  hay meadows may a l s o  be eroded 
accord ing  t o  an i n t r i n s i c  r a t e  (HRAT = . O 1  ha/yr)  modi f i ab le  
by t h e  f o r e s t  p r o t e c t i o n  r a t i o  index (ERVIV) . 
A l l  e r o s i o n  p rocesses  a r e  a d d i t i v e .  The a p p r o p r i a t e  
number of h e c t a r e s  i s  s u b t r a c t e d  from t h e  f o r e s t a b l e ,  a l p i n e ,  
and a l p i n e  hay meadow a r e a s ,  and added t o  t h e  eroded l and .  
Eros ion recovery  may be s imula ted  a s  a n a t u r a l  r a t e  o r  a s  
a  p o l i c y  o p t i o n  by s e t t i n g  a  parameter  RECOV t o  correspond 
t o  a  c e r t a i n  number of  h e c t a r e s  p e r  yea r  which i s  t r a n s f e r r e d  
back from eroded t o  a l p i n e  meadow. A l l  t h e  e r o s i o n  r a t e  
parameters  were guesses  a s  no r e a l  d a t a  were a v a i l a b l e .  
There was aga in  some con t rover sy  a s  t o  t h e  magnitude o f  t h e  
p o s t u l a t e d  e f f e c t s  (even a s  f a r  a s  t h e i r  e x i s t e n c e ) .  The 
parameter  va lues  mentioned above produced about 2  ha o f  
eroded l and  n o t  a s s o c i a t e d  wi th  s k i  l i f t  c o n s t r u c t i o n  o v e r  
t h e  25-year p e r i o d ,  1950-75, when o t h e r  model dynamics w e r e  
r e a l i s t i c .  
Model Dynamics 
I n i t i a l  model runs  demonstrated t h a t  t h e  environmental  
submodel was r a t h e r  weakly l i n k e d  t o  t h e  socio-economic 
s e c t i o n s .  Trees and chamois grew a t  an i n t r i n s i c  r a t e  
in f luenced  on ly  by s e t  p o l i c i e s  on hun t ing  and r e f o r e s t a t i o n .  
Stock genera ted  a  s l i g h t l y  changing demand f o r  import hay,  
which a s  wages dec reased ,  could n o t  be met, s o  s tock  was 
reduced a s  formulated:  h o r s e s ,  then sheep,  and f i n a l l y  a  
very  few cows. 
Erosion occurred a t  a  r a t h e r  c o n s t a n t  r a t e  b u t  d i d  n o t  
seem t o  have a  major e f f e c t  o t h e r  than  reducing t h e  anount 
of fo rage  a v a i l a b l e .  
J u s t  be fo re  t h e  end of t h e  workshop, t h e  model was 
amended t o  produce a  s c e n a r i o  where t h e  summer t o u r i s t s  
would be very  s e n s i t i v e  t o  t h e  a e s t h e t i c  q u a l i t y  of  t h e  
landscape a s  measured by t h e  p e r c e n t  of  a l p i n e  meadow 
eroded.  A s  e r o s i o n  inc reased  and summer tour ism decreased ,  
emigrat ion was i n i t i a t e d  somewhat e a r l i e r ,  h o t e l  b u i l d i n g  
s t a b i l i z e d ,  w i n t e r  tour ism was s t a b i l i z e d ,  and t h e  lower 
popu la t ion  i n  t h e  a r e a  mainta ined a  r e l a t i v e l y  s t e a d y  wage 
l e v e l .  Eros ion r a t e  a l s o  decreased a s  a  feedback of l e s s  
t o u r i s t  a c t i v i t y .  A n a t u r a l  s t a b i l i t y  was i n d i c a t e d .  The 
c r i t i c a l  q u e s t i o n  i s  t o  what e x t e n t  t o u r i s t s  a r e  s e n s i t i v e  
t o  landscape a e s t h e t i c s ;  and,  i f  t h i s  s e n s i t i v i t y  and 
r e s u l t a n t  s t a b i l i z a t i o n  is  t o  be expected,  what qua]- i ty  of 
l andscape  w i l l  f i n a l l y  t r i g g e r  t h e  p r o c e s s .  S t a b i l i z a t i o n  
due t o  a n  u n a e s t h e t i c  environment may no t  b e  i n  t h e  b e s t  
i n t e r e s t s  o f  t h e  v i l l a g e r s .  
A f u r t h e r  i n t e r e s t i n g  i n d i c a t i o n  produced by t h e  model 
was t h e  i n c r e d i b l e  t ime l a g  t o  be  expec ted  i n  a  r e f o r e s t a t i o n  
program. When r e f o r e s t a t i o n  was ve ry  h igh  f o r  t h e  f i r s t  15  
y e a r s  ( < 15 h a / y r )  no n o t i c e a b l e  e f f e c t  occu r red  i n  t h e  
- 
model u n t i l  abou t  t h e  3 0 t h  y e a r  of  s i m u l a t i o n .  A t  t h a t  p o i n t  
e r o s i o n  r a t e s  had s i g n i f i c a n t l y  dec reased  a s  t h e r e  was a  
n o t i c e a b l e  accumula t ion  o f  young f o r e s t .  I n   art, t h e  l a g  
i s  due t o  t h e  s low growth r a t e s  of  t h e  f o r e s k .  I n  D a r t ,  i t  
is  due t o  t h e  e f f e c t s  o f  f o r e s t  on s t a b i l i z i n q  a d j a c e n t  hay 
meadow a r e a s .  
I m p l i c a t i o n s  
I n  summary, d e s p i t e  t h e  r a t h e r  s i m p l i s t i c  n a t u r e  of t h e  
env i ronmen ta l  submodel, some key a r e a s  f o r  f u r t h e r  i n v e s t i g a -  
t i o n  were i d e n t i f i e d .  These can be enumerated b r i e f l y  i n  
p o i n t  form ( t h e  o r d e r  does n o t  imply r e l a t i v e  impor t ance ) :  
(1) F o r e s t  r e g e n e r a t i o n  p r o c e s s e s  and broad c a u s e s  of  
f a i l u r e ;  e . g . ,  r e l a t i v e  l o s s e s  due t o  d i s e a s e s ,  
snow c r e e p ,  t r a m p l i n g ,  e t c .  
( 2 )  Nature  o f  envi ronmenta l  p e r c e p t i o n ;  e . g . ,  how d o  
t o u r i s t s  p e r c e i v e  and respond t o  changes i n  t h e  
environment? 
( 3 )  P r o c e s s e s  t h a t  induce  e r o s i o n  and a m e l i o r a t e  o r  
h a s t e n  r ecove ry  from e r o s i o n ;  e . g . ,  what p r o c e s s e s  
a r e  c r i t i c a l  i n  caus ing  e r o s i o n  and how can r e -  
covery be has tened by f e r t i l i z a t i o n ,  seed ing ,  e t c . ?  
( 4 )  Graz ing  p rocesses  of wi ld  and domestic s t o c k ;  
e . g . ,  what i s  t h e  s p a t i a l  d i s t r i b u t i o n  and p a t t e r n  
of  t h e  g raz ing  p rocess?  
( 5 )  Success iona l  p a t t e r n s  of p r e s e n t  meadow a r e a s ;  
e . g . ,  how a r e  t h e s e  in f luenced  by g raz ing  and 
e ros ion?  
The f i v e  genera l  a r e a s  mentioned were a l l  demonstrated 
t o  be impor tant  t o  t h e  p r e d i c t i o n s  r eques ted  of t h e  model. 
That  i s ,  t h e i r  importance i s  n o t  simply one gf p h y s i c a l  o r  
b i o l o g i c a l  i n t e r e s t ,  b u t  s i g n i f i c a n t  t o  t h e  economic plan- 
n ing  i n  t h e  a r e a .  For example, it i s  imposs ib le  t o  guide  
h o t e l  owners q u e s t i o n s  concerning t h e  use  of domestic graz-  
i n g  s t o c k  t o  ma in ta in  " a t t r a c t i v e "  a l p i n e  meadows wi th  t h e  
p r e s e n t  model. The model framework i s  a p p r o p r i a t e ,  b u t  
c e r t a i n  p rocesses  a r e  no t  ~ n c o r p o r a t e d .  S i m i l a r l y ,  t h e  
model p r e s e n t l y  s u g g e s t s  t h a t  p r o t e c t e d  a r e a s  s u i t a b l e  f o r  
h o t e l  c o n s t r u c t i o n  cannot be i n c r e a s e d  by f o r e s t  p l a n t i n g  
p r a c t i c e s  a l o n e ,  b u t  would r e q u i r e  some form of "Lawinenver- 
bau." While t h e  sugges t ion  is  probably  c o r r e c t ,  more in -  
format ion on f o r e s t  r e g e n e r a t i o n  i s  necessa ry  be fo re  poten- 
t i a l  economic advantages and d i sadvan tages  of such a  prac- 
t i c e  could  be r i g o r o u s l y  e v a l u a t e d .  
Land Use and Development Control 
One sub-group of workshop participants was given the re- 
sponsibility of identifying alternative schemes for control- 
ling the growth of Obergurgl, and for ensuring that the sub- 
models described above could accept such schemes. A neces- 
sary first step for this sub-group was to recognize that con- 
trollable variables are not necessarily the same as variables 
which measure the results of control; for example, hotel 
size may be controlled by zoning and may result in better 
environmental quality, whereas the environmental quality can- 
not be controlled directly. Thus, it was necessary to inden- 
tify indicators for the results of control as well as the 
controllable factors. 
Our work led to the following table of possible control 
actions by the various Institutions that have some influence 
on Obergurgl: 
Control Action Institutional Responsibility 
(1) Regulation of room prices 
to control occupancy rates Hotel owners 
( 2 )  Total area zoned for 
building 
(3) Hotel size (per building 
plus surrounding lot) 
Village, regional government 
Village government 
Control Action 
(4) Hotels built per year 
(5) Hotel building subsidy 
or tax 
(6) Reforestation and agri- 
cultural maintenance 
subsidy 
(7) Provision of basic ser- 
vices to village (wa- 
ter, energy) 
(8) Provision of recrea- 






Village (water) or regional 
government (energy) 
Village (hotel owner consor- 
tium) 
These control actions fall into three basic classes: 
land zoning, building rate modification, and provision of 
tourist services besides buildings. Obviously, many con- 
trol actions are possible besides the ones listed above; 
for example, the formation of special nature protection 
areas; such controls were not considered because the mo- 
del would not be sensitive to them, in turn becauae we 
represented perception of environmental quality patterns 
too simplistically. 
Land zoning and building rate controls are implemen- 
ted in the model. very simply by changing the axes of Figure 
7. Zoning controls change the total land available, while 
subsidies and taxes lower or raise the building cost curve. 
Since the rate of land development never achieved very high 
values even in the absence of any controls, no scenarios 
were developed with explicit control on building rate. 
In the absence of special input, the model adds basic 
services and recreational facilities according to demand 
alone. For example, the model "builds" a new ski lift when- 
ever lift waiting time exceeds 5 minutes. To simulate con- 
trol of services, we simply programmed an upper limit for 
development of each service, and set this uDwer limit at 
very high values, except in scenarios designed to test the 
limit. 
To provide an independent assessment of 'the likely im- 
pacts of various development policies, the workshop partic- 
ipants were asked to fill out a "pre-simulation expectations 
table" (Table 1). In this table they indicated what they 
thought would be the qualitative effects (plus or minus) of 
a series of alternative controls on each of a series of 
"impact indicators." The impact indicators are simulation 
variables that measure quality of life in various ways. As 
Table 1 shows, there was little consensus among participants 
about most effects of most policies. This is somewhat sur- 
prising in relation to the environmental impact indicators, 
since most of the participants were ecologists with presum- 
ably the same general outlook. None of the pre-simulation 
expectations bear any clear relationship to the final pre- 
dictions made by the model. 
T A B L E  1. PRE-SIMULATION EXPECTATIONS .TABLE. F o r  e a c h  posi t ion in  th i s  table ,  pa r t i c ipan t s  indicated 
whe the r  the Con t ro l  Act ion ( row) would improve  the condi t ion in the  column,  o r  make  the condition 
w o r s e  r e l a t ive  t o  what would occur  with no con t ro l .  I ' u m b e r s  in e a c h  box indicate  how many p a r t i c i -  
pan t s  had each  o p ~ n i o n .  
IMPACT VARIABLE 
POPULATION IMPACTS ENVIRONMENTAL IMPACTS 
- - -- -- -- - - 
Cont ro l  S o c ~ a l  d l s -  E n v ~ r  on - 
Ac t ~ o n  Final s a t ~ s f a c t ~ o n  men ta l  
and Agency number  Occupancy F m a l  (ernlgrat lon Wage level  Farming Q u a l ~ t y  Ski A r e a  F ~ n a l  
R e s p o n s ~ b l e  of hotels  r a t e  - P o p u l a ~ o n  - - r a t e )  ( e ~ ~ l o y m e n t )  _ pote_nt la l -Ad2rers l ty)  C r o w d ~ n g  _B.lp?dow A t e a  
R o o m  p r i c e s  +(Z) +(o) +(4) +(3) +(7) +(5) + ( l o )  +(I)  +(3) 
(hotel  ownera )  -(5) - (8)  - (4) - (3) -(2) - (2)  - ( O )  - ( I )  
0 (3) O(1) 0 (2) 0 (4) O(1) O(3) 0 (0) 0 (8) O(5) 
To ta l  A r e a  +(3) +(6)  t ( 2 )  . + ( l o )  + ( I )  +(5) +(71 +(3) +(7) 
fo r  bui ldings  - (7)  - (3 )  -(a) - (o)  - (4) -(3) - (3)  -(7) -0) 
(Region-town) O(0) o(1)  0 (0) o(0)  0 (5) 0 (2) 0 (0) *O(o) o(0)  . I 
A r e a I H o t e l  + ( I )  +(7) +(3) +(6) +(6) + ( I )  +(a) +(2) +(2) . 
( town-region)  -(7) - (2) - (5) - ( 2 )  - (4)  -(6) -(z) - ( b )  - (7)  
O ( Z )  O(1) O'(2) 0 (2) O(0) 0 (2) 0 (0) 0 (2) O(1) 
A r o a  l o r  hotela +(O) +(7) + ( I )  +(8) +(o) +(2) +(7)  +lo) +( 5) 
e a c h  y e a r  - (9) - (2)  - (7) - (1)  - (4) - (o)  - (3)  - (9)  -0) 
( t o m )  O(1) 0 (1) 0 (2) O(1) O(6) 0 (6) 0 (0) O(1) O(1) 
Building coa t  + ( I )  +(3) + ( I )  +(9) +(2) +(6) +(9) + ( l )  t(71 
t  u - (8) - (4) - (6)  - ( O )  - (4) , - (2)  -10) - (7)  - ( I )  
( r eg ionJ  ' o(1)  0 (2) o(3) o (1 )  0 (3) OW) o(1)  o (2 )  0 ( 2 )  
Refores t a i ion  +(4) +(7) +(5) +(2) +(6) +(4) +(9) + ( 5 )  + ( I )  
( r eg ion)  - (2) - ( O )  - (2) - (2) - (2) -(5) - ( I )  - (2) - (7) 
0 (4) 0 (3) 0 (3) 0 (6) 0 (2) O(1) 0 (0) O(3) O(2) 
Wate r  and ene rgy  t(2) + ( 4 )  +(33 + ( b )  +(3! +(a +(7\ + ( 2 )  +(3) 
nupply f-d - (6)  -(31 - (6)  - (4) - (4: -(7) -(3) - (6)  -(z) 
(regLon) O(1) 0 (2) O(1) 0 (0) 0 (3) O(1) O(0) 0 (2) 0 (4) 
GENERAL PREDICTIONS 
Though t h e  model was developed  t o  r e p r e s e n t  a  r i c h  va- 
r i e t y  of  i n t e r a c t i o n s  and feedback  mechanisms, i t s  f i n a l  
p r e d i c t i o n s  depend l a r g e l y  on a  few key r e l a t i o n s h i p s .  A s  
shown i n  t h e  "no c o n t r o l "  s c e n a r i o  of F igure  8 ,  t h e s e  r e l a -  
t i o n s h i p s  can  be summarized ve ry  s imply :  
(1) I n  t h e  f a c e  of e s s e n t i a l l y  i n f i n i t e  p o t e n t i a l  de- 
mand, growth of t h e  r e c r e a t i o n  i n d u s t r y  h a s  been 
l i m i t e d  by t h e  r a t e  of  l o c a l  p o p u l a t i o n  growth.  
( 2 )  The amount of  s a f e  l a n d  f o r  development  i s  d i s -  
appea r ing  r a p i d l y ,  w h i l e  t h e  l o c a l  demand f o r  
b u i l d i n g  s i t e s  i s  c o n t i n u i n g  t o  grow. 
( 3 )  A s  l a n d  i s  deve loped ,  pr ime a g r i c u l t u r a l  l a n d  i s  
l o s t  and env i ronmen ta l  q u a l i t y  d e c r e a s e s .  
( 4 )  R e c r e a t i o n a l  demand may beg in  t o  d e c r e a s e  i f  en- 
v i r o n m e n t a l  q u a l i t y  d e t e r i o r a t e s  f u r t h e r .  
Thus, t h e  v i l l a g e  may soon be  caugh t  i n  a  p a i n f u l  t r a p ,  
a s  i t s  growing p o p u l a t i o n  and economy c o l l i d e  w i t h  d e c l i n i n g  
r e s o u r c e s  and demand. Th i s  c o l l i s i o n  may be  f e l t  by t h e  
o l d e r ,  e s t a b l i s h e d  h o t e l  owners a s  w e l l  a s  t h e  younger p e o p l e ,  
i f  more h o t e l s  a r e  f o r c e d  t o  s h a r e  a d e c l i n i n g  number of 
t o u r i s t s .  
F igu re  9 shows an  a l t e r n a t i v e  f u t u r e ,  a g a i n  g e n e r a t e d  
w i t h o u t  development  c o n t r o l ,  b u t  under  t h e  assumpt ion  t h a t  
r e c r e a t i o n a l  demand w i l l  remain a t  1973-74 l e v e l s  ( e . g . ,  
c o n t i n u e d  energy  and monetary c r i s e s  o v e r  Europe ) .  A key 
a s p e c t  of t h i s  p r e d i c t i o n  i s  t h a t  s t a b i l i z a t i o n  of  demand 
w i l l  n o t  immediately s t o p  t h e  growth of Obergurgl ;  t h e r e  i s  
no r eason  t o  suppose t h a t  i nves tmen t  i n  h o t e l s  w i l l  suddenly  
s t o p ,  s i n c e  t h e  r e c r e a t i o n a l  b u s i n e s s  i s  s t i l l  p r o f i t a b l e .  
I n s t e a d ,  over- inves tment  i n  h o t e l s  i s  l i k e l y  t o  o c c u r ,  un- 
til no owners a r e  do ing  very  w e l l .  On t h e  p o s i t i v e  s i d e ,  
a  continues demand c r i s i s  shou ld  h e l p  t o  sp read  t h e  i n e v i -  
t a b l e  e m i g r a t i o n  p u l s e  ove r  a  l o n g e r  p e r i o d  of t i m e ,  s o  t h a t  
widespread  s o c i a l  d i s s a t i s f a c t i o n  would n o t  develop  a l l  a t  
once .  
The r e s u l t s  of a  government s u b s i d y  t o  h e l p  young peo- 
p l e  b u i l d  h o t e l s  a r e  p r e s e n t e d  i n  F igure  l o ,  under t h e  a s -  
sumption of u n l i m i t e d  p o t e n t i a l  demand. A s t r i k i n g  f e a t u r e  
o f  t h i s  s c e n a r i o  i s  t h e  l a r g e  e m i g r a t i o n  of young peop le  
t h a t  should  occu r  when t h e  s a f e  b u i l d i n g  l a n d  i s  exhaus t ed .  
The subs idy  shou ld  n o t  have a  g r e a t  e f f e c t  on r a t e  of eco- 
nomic growth ,  b u t  shou ld  make c o n d i t i o n s  much worse when 
growth does  s t o p .  I f  t h e  government does  pu r sue  a  sub- 
s i d i z a t i o n  p o l i c y ,  a  major p l a n n i n g  f o c u s  f o r  t h e  v i l l a g e  
should  be  t o  immedia te ly  beg in  e d u c a t i n g  young p e o p l e  abou t  
t h e  problems t h a t  t h e y  w i l l  soon f a c e ,  w i t h  a  view t o  h e l p -  
i n g  t h e s e  young peop le  f i n d  a l t e r n a t i v e  ways of  l i f e  t o  t h a t  
which t h e y  s e e  among t h e i r  p a r e n t s .  
A t  a n o t h e r  ex t reme,  F igu re  11 shows a  s c e n a r i o  invo lv -  
i n g  government t a x e s  t o  make new b u i l d i n g  more d i f f i c u l t .  
T h i s  p o l i c y  would slow economic development and s p r e a d  o u t  
t h e  emigrat ion pu l se .  Though a t t r a c t i v e  a t  f i r s t  g lance ,  
t h i s  s c e n a r i o  i s  probably n o t  p o l i t i c a l l y  f e a s i b l e :  no 
government would l a s t  very long t h a t  s e t  a  d i sc r imina to ry  
t a x  on i t s  l a r g e s t  body of v o t e r s ,  t h e  young people.  
In  an e f f o r t  t o  f i n d  more s u b t l e  c o n t r o l s ,  we looked a t  
s e v e r a l  s c e n a r i o s  (F igure  12,  Figure 13 involving l i m i t a t i o n  
of s e r v i c e s  ( s k i  l i f t s ,  water)  provided f o r  t o u r i s t s )  . A l l  
of t h e s e  s c e n a r i o s  have i n  common t h a t  they l i m i t  r e c r e a t i o n -  
a l  demand r a t h e r  than v i l l a g e  growth,  j u s t  a s  i n  t h e  demand 
c r i s i s  s c e n a r i o  of Figure 9 .  The same problems of over-  
c a p i t a l i z a t i o n  i n  h o t e l s  and extended emigrat ion a r i s e  i n  
a l l  c a s e s .  I n  a d d i t i o n ,  t h e  q u a l i t y  of t h e  r e c r e a t i o n a l  ex- 
pe r i ence  f o r  most t o u r i s t s  would d e c l i n e ,  s o  everyone would 
l o s e  i n  t h e  long run.  Thus, we s t r o n g l y  recommend a g a i n s t  
any c o n t r o l  p o l i c i e s  t h a t  invo lve  l i m i t a t i o n  of t o u r i s t  
s e r v i c e s  o t h e r  than h o t e l s .  
A s c e n a r i o  invo lv ing  land zoning t o  make each new h o t e l  
use  a  l a r g e r  l o t  ( b u i l d i n g s  not  l a r g e r ,  b u t  more spread o u t )  
i s  shown i n  Figure 1 4 .  The e f f e c t  of t h i s  p o l i c y  would be 
t o  slow h o t e l  bu i ld ing  ( s i n c e  young people would be fo rced  
sooner t o  use more expensive  s i t e s )  and dec rease  t h e  even tua l  
maximum s i z e  of t h e  v i l l a g e .  However, t h e  emigrat ion prob- 
lem would no t  be so lved ,  i n  e f f e c t  no meadow land would be 
saved,  and t h e  v i l l a g e  might s t i l l  look too  l a r g e  t o  many 
t o u r i s t s .  Before any development c o n t r o l  of t h i s  k ind i s  
i n i t i a t e d ,  t o u r i s t s  should be p resen ted  a s  recommended above 
w i t h  a l t e r n a t i v e  p i c t u r e s  of  how t h e  v i l l a g e  would look w i t h  
f u t u r e  h o t e l s  sp read  ou-t a s  opposed t o  c l u s t e r e d  t o g e t h e r .  
Sp read ing  h o t e l s  o u t  n i g h t  w e l l  do more harm t h a n  good. 
We cou ld  c o n t i n u e  on and on i n  d i s c u s s i o n  of a l t e r n a -  
t i v e  s c e n a r i o s  f o r  c o n t r o l l i n g  growch, b u t  t h e  s h o r t  d i s c u s -  
s i o n s  above appear  t o  cover  t h e  main f e a s i b l e  o p t i o n s .  From 
t h e  v a r i e t y  of  s c e n a r i o s  t h a t  were t r i e d ,  some most l i k e l y  
and some most ex t reme p r e d i c t i o n s  can be drawn: 
(1) Even i f  meadow l a n d  f o r  b u i l d i n g  were n o t  l i m i t e d ,  
t h e  v i l l a g e  would probably  n o t  grow t o  more than  
150 h o t e l s  (double  i t s  p r e s e n t  s i z e )  by t h e  yeh r  
2000, based  on t h e  nilrnber o f  young peop le  who a r e  
l i k e l y  t o  r each  t h e  house b u i l d i n g  age .  The most 
l i k e l y  p r e d i c t i o n  is  80-90 h o t e l s  p r e s e n t  when t h e  
v i l l a g e  r eaches  i t s  saEe l a n d  l i m i t s  i n  abou t  2 0  
y e a r s .  
( 2 )  Ho te l  b u i l d i n g  w i l l  n o t  s i g n i - f i c a n t l y  alter t h e  
amount of  v a l l e y  g r a z i n g  meadow i n  t h e  n e a r  f u t u r e ;  
o n l y  abou t  208 more o f  t h i s  l a n d  is  e v e r  l i k e l y  t o  
be developed.  
( 3 )  With no l and  l i m i t s ,  t h e  I.ocal p o p u l a t i o n  co~ilcl  
r e a c h  700 pe r sons  by t h e  y e a r  2000, w i t h  a t o u r i s t  
u se  o f  a b o u t  600,000 n i g h t s / y e a r .  The most l i k e l y  
e s t i m a t e  f o r  p o p u l a t i o n  is t h a t  e q u i l i b r i u m  w i l l  
be reached nea r  t h e  t u r n  o f  t h e  c e n t u r y ,  a t  500-600 
pe r sons  w i t h  a t o u r i s t  u s e  of  abou t  350,000 n i g h t s /  
y e a r .  The most l i k e l y  p o p u l a t i o n  growth r a t e  f o r  
t h e  n e x t  decade  o r  two i s  2 . 6 %  p e r  y e a r ,  c o n s i d e r -  
i n g  t h e  i n c r e a s e s  t h a t  a r e  l i k e l y  i n  emig ra t ion  
r a t e s .  
The e c o l o q i c a l  i m p l i c a t i c n s  of  t h e s e  p r e d i c t i o n s  were 
n o t  made c l e a r  by t h e  model l ing  work, s i n c e  t h e  e c o l o g i c a l  
d a t a  base  i s  s t i l l  very  poor .  P r e s e n t  r e c r e a t i o n a l  u s e  may 
a l r e a d y  be more than  t h e  s e n s i t i v e  a l p i n e  meadows can  t o l e r -  
a t e ;  doub l ing  of  r e c r e a t i o n a l  u s e  i s  n o t  u n l i k e l y  and may 
be d i s a s t r o u s .  
RECOMMENDATIONS FOR RESEARCH ON OBERGURGL . 
A v a r i e t y  of recommendations f o r  f u r t h e r  r e s e a r c h  a r e  
s c a t t e r e d  th rough  t h i s  r e p o r t ;  towards  t h e  end of  t h e  work- 
shop ,  p a r t i c i p a n t s  were asked t o  rank t h e s e  recommendations 
t o  g i v e  a  c l e a r e r  p i c t u r e  f o r  t h e  MAB 6 p l a n n e r s .  A f t e r  
c o n s i d e r a b l e  d i s c u s s i o n ,  consensus  was reached on t h e  f o l -  
lowing p r i o r i t i e s :  
Rank P r o j e c t  Recommended 
-
(1) Socio logy of v i l l a g e r s  i n  r e l a t i o n  t o  a t t i t u d e s  
abou t  l and  ownership ,  e m i g r a t i o n ,  and economic 
o p p o r t u n i t i e s .  
P e r c e p t i o n  of envi ronmenta l  q u a l i t y  by v i l l a g e r s  
and by t o u r i s t s ,  i n i t i a l l y  by means o f  photo-  
g r a p h i c  s c e n a r i o s  of  f u t u r e  p o s s i b i l i t i e s .  
Bas i c  mapping of e c o l o g i c a l  c o n d i t i o n s  i n  t h e  
a r e a ,  e s p e c i a l l y  i n  r e l a t i o n  t o  s k i  development 
and s o i l  e r o s i o n .  
Rank 
-
( 4 )  
Project Recommended -
Determination of primary production of pastures 
and alpine meadows in relation to grazing by wild 
and domestic animals. 
Projection of potential recreational demands in 
relation to changing transportation systems and 
public attitudes across Europe. 
Continued "policy analysis" of alternative devel- 
opment schemes and research priorities, as done 
in this report. 
Experimental ecological studies involving manip- 
ulation of grazing patterns, trampling of meadows 
by people, and construction activities. 
Economic analysis of the village in terms of 
employment structure, savinqs patterns, and cost 
problems in hotel construction. 
In retrospect, it appears that the model described in 
this report can, after some relatively minor refinement, 
provide a solid basis for predictions about the human aspects 
of environmental change in Obergurgl. It remains for future 
modelling work to develop the ecological side of the story 
more fully, so a truly balanced picture of the overall 
system can eventually emerge. 
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